Structure-activity relationship study of WSS25 derivatives with anti-angiogenesis effects.
WGEW, an α(1-4) linked glucan with an α(1-4) linked branch attached to C-6, was isolated from the rhizoma of Gastrodia elata Bl. WSS25, a sulfated derivative of WGEW, was reported to inhibit angiogenesis by disrupting BMP2/Smad/Id1 signaling pathway. However, the structure-activity relationship (SAR) for WSS25 is not known. To study the SAR, seven sulfated saccharides derived from WGEW degradation products, six sulfated polysaccharides with varying degrees of substitution, and four aminopropylated, carboxymethylated, phosphorylated, and acetylated derivatives of WGEW were prepared. A sulfated, unbranched product of polysaccharide was also obtained. The structural features of these derivatives were characterized by infrared spectroscopy and nuclear magnetic resonance spectroscopy. An HMEC-1 cell tube formation assay was employed to measure the antiangiogenic effect of the derivatives. The results indicated that only sulfated polysaccharides with molecular weights of more than 41,000 Da could inhibit HMEC-1 cell tube formation. The inhibition effect was dependent on the presence of a sulfate group, since the tube formation was not blocked by aminopropylated, carboxymethylated, phosphorylated, or acetylated WGEW. A higher degree of sulfate substitution on the polysaccharide led to a stronger inhibitory effect, and the degree of sulfate substitution between 0.173 and 0.194 was found to be optimal. Interestingly, the WGEW side chain was not required for anti-tube formation activity. All these preliminary results may provide a clue for further modification of the core structure of WSS25 to discover polysaccharide derivatives as novel anti-angiogenic inhibitors.